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Abstract
The purpose of the present study was to examine the effects that varying aerobic exercise
intensity levels have on acute state anxiety. Previous studies have shown contrasting results for
the most beneficial exercise intensity when attempting to decrease state anxiety, and this study
adds to the knowledge we have on this topic matter. In this experiment, participants completed
two exercise sessions where they engaged in 10 minutes of aerobic activity on a treadmill. The
exercise sessions tested one of two exercise intensities: light or vigorous. The intensity levels
were achieved and monitored by calculating each subjects heart rate reserve and using the
corresponding ACSM intensity percentages for heart rate. The subject’s completed State-Trait
Anxiety Inventories pre-exercise, 5 minutes post-exercise, and 30-minutes post-exercise so the
change in state anxiety based on exercise intensity could be measured. Due to the COVID-19
pandemic, the University of Lynchburg closed, and data collection ceased before completion.
Statistics, and all results discussed from this research study include only the seven trials of
low-intensity aerobic activity that were able to be conducted and how they affect the subject’s
state and trait anxiety levels. Data was analyzed using t-tests and repeated measures ANOVAs to
measure the effects over time. The t-test and repeated measures ANOVA for state anxiety did not
show significant results, while the ANOVA for trait anxiety did yield significant results over
time. A post-hoc test was run for trait anxiety but did not show significance in any particular
time range. Sample size and extraneous variables are potential limitations, and it is encouraged
that future researchers complete the study as outlined in the methods section. Overall, this data
will be beneficial to future research conducted on exercise intensity’s effect on state and trait
anxiety, and it has added to the preexisting body of work.
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Introduction
According to the Anxiety and Depression Association of America, anxiety disorders are
currently the most common mental illness(1). This study examined the possible effect aerobic
exercise intensity can have on state anxiety. State anxiety refers to a “temporary condition in
response to some perceived threat.”(2) This means that the anxious feelings subside when the
subject is no longer confronted with a “threatening” object or situation. Previous studies have
shown conflicting results when considering general exercise’s effect on state anxiety; some
research indicates that individuals experience a greater drop in acute state anxiety with
low-intensity exercise (3,4), and some individuals experience this drop with high-intensity
exercise (5,6). Though it is worth noting that not all of these studies utilized the same form of
exercise, as some were resistance training while others were aerobic training. All of these studies
included exercising in a continuous nature, but time ranges depend on the exercise form. The
studies typically had their subjects exercising at a timespan of 15-20 minutes within the target
heart rate ranges, as they noted this would be enough time to elicit a response without reaching
complete exhaustion. While anxiety affects such a large portion of the general population, and
exercise is often prescribed to help improve mental health, the relationship between aerobic
exercise intensity and mental health is not well defined. The small amount of research done on
this relationship is made even more narrow with most studies being done using only one sex (5).
This study aims to help bring a light to the relationship between exercise intensity and state
anxiety, while adding to the preexisting research on the topic. Studying the relationship between
aerobic exercise intensity and state anxiety is important because of the implications that it can
have for the general population, especially those who are affected by anxiety. With the added
knowledge of how aerobic intensity level affects state anxiety, aerobic exercise can be prescribed
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more effectively to those with mental illnesses, especially anxiety. The purpose of this research
study was to examine the effect aerobic exercise intensity levels have on acute state anxiety. The
results from the State-Trait Anxiety Inventories provide the subjects a more in-depth
understanding of their bodies and also give them insight into how they can use aerobic exercise
to help treat and manage their mental health. The experimental hypothesis was that there would
be the largest drop in acute state anxiety following vigorous exercise.

Methods
Participants
Participants in this study were healthy males and females, ages 18-30 years old. Subjects
were cleared to perform vigorous-intensity exercise through the completion of a Physical
Activity Readiness Questionnaire (PAR-Q, appendix I) and had no other known, self-reported
reasons as to why it would not be safe for them to participate in vigorous-intensity exercise. The
subjects followed pre-assessment protocols, such as no exercising in the previous 12 hours, no
consuming coffee the day of a trial, and no large meal intake within the 3 hours prior to
completing a trial. Additionally, if the subjects were taking medications and/or supplements at
the time of the test, they did not change medications or supplements between visits. The
inclusion criteria for the subjects are listed as follows:
1. Are between 18 and 30 years of age
2. Have no known contraindications to aerobic exercise participation, as self reported by the
subject
3. They do not have a heart condition
4. They are not currently prescribed beta-blocker medications
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5. Are cleared for vigorous activity via PAR-Q
Following completion of the informed consent and PAR-Q documents, the subjects
completed the State-Trait Anxiety Inventory (appendix II), which provided a measure of their
anxiety under controlled neutral conditions(8). This was used as their control when comparing to
their experimental STAI scores. The subject’s demographic information was collected during
this session and included the subject’s sex, age, weight, and height. Sex and age was
self-reported. Weight was measured with a digital scale (Tanita BWB-800A, Arlington Heights,
IL). Height was measured with a wall-mounted stadiometer (Seca 222, Chino, CA). After all
paperwork, demographic information, and the inventory were complete, the subjects had the
chance to become more familiar with the equipment that they would be using in the data
collection sessions. They had the opportunity to try on and test out the heart rate chest monitor
with a paired watch and the treadmill they would be using during each trial. An explanation of
Borg’s rating of perceived exertion (RPE) scale was given to the subject so that they could use
the scale during each trial to give their RPEs throughout the 10 minute exercise bout (8,
appendix III).
Experimental Design
Subjects were required to attend three sessions, one control and two data collection. All
subjects came into the first session, filled out the necessary paperwork, and then filled out the
State-Trait Anxiety Inventory once - this was used as their control anxiety level. During the
second and third sessions, the experimental conditions were randomized for each subject.
Preliminary Testing
During the first session, the subject had a chance to become acquainted with the test
administrator and equipment. By giving the subject time to become acquainted with the
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equipment, Borg scale, inventory, and administrator, we hoped to eliminate excess anxiety that
could come from being unfamiliar with each variable. The testing environment remained the
same for all sessions. The testing environment was a large bright room with the only
entrance/exit being a door that was closed and locked. This eliminated the possibility of
distractions or any change in anxiety that could have been caused by someone walking in.
Experimental Visits
During sessions 2 and 3, the subjects reported to the testing environment and completed
the pre-exercise State-Trait Anxiety Inventory (STAI). After completion of this inventory, the
subjects were fitted with the heart rate monitor, the Polar T31 coded transmitter strap and Polar
FT1 heart rate monitor (Bethpage, NY), and the administrator made sure the monitor and watch
were paired and operating correctly. The subjects then began their 10 minute bout in one of the
two intensities; the order of the intensities was randomly assigned, completing one intensity
during the second session and the other intensity during the third session. The intensity ranges
were individualized based off of the subjects’ individual heart rate reserve. Heart rate reserve
was found by first calculating their estimated heart rate max using the equation: 220 - the
subjects age (yrs) = heart rate max. The subject’s heart rate reserve was determined by using the
following equation: heart rate max - resting heart rate = heart rate reserve. The aerobic intensity
levels were determined using percentages of heart rate reserve. This study used the American
College of Sport Medicine’s (ACSM) cardio intensity level percentages(9). According to the
ACSM, 20-39% of heart rate reserve is considered low intensity, while 60-84% of heart rate
reserve is considered high intensity. The administrator controlled the treadmill speed accordingly
to ensure that the subject was within the correct heart rate ranges for the duration of the test.
During the 10 minute bout of aerobic exercise, the participant was asked to rate their exertion
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level using the Borg scale every two minutes. After completion of the 10 minute bout, the
subjects walked at 2 miles per hour for five minutes as a cool down. After completing the cool
down, the subject took the STAI again. The subject then remained in the testing environment
until the 30 minute post-exercise mark and took the STAI once more.
Statistical Analysis
The analyses were performed with SPSS, version 26 (IBM, Inc.,Chicago, IL). Due to the
COVID-19 pandemic, the University of Lynchburg closed its campus before data collection was
able to be completed. For this reason the statistics run for this research are composed of only the
low-intensity trials that were able to be run before university closure. A paired sample t-test was
run to compare the control STAI to the pre-exercise STAI. The level of significance was set at
0.05, a priori. A repeated measures ANOVA was run for both state and trait anxiety across time.
Any significant post hoc comparisons were analyzed using Bonferroni tests. The level of
significance was set at 0.05, a priori.

Results
As mentioned before, due to the COVID-19 pandemic, the University of Lynchburg
closed its campus, therefore ending all possible trials that were active at that time and preventing
any further information from being gathered. The statistical analysis and all results and
discussion from this research study include only the seven trials of low-intensity aerobic activity
that were able to be conducted before the University’s closure. The results now focus on both
state and trait anxiety levels and how they are affected by low-intensity aerobic activity. Trait
anxiety is a seemingly more permanent state of anxious feelings, such as worry, and seems to be
more of a personal characteristic. Trait anxiety is a “long-lasting arousal in the face of a potential
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threat,” meaning that trait anxiety can seem as though the person is stuck in the “fight or flight”
response for a significantly longer period of time(2).
Subject Demographics
Participants for this study were seven healthy college students, three male and four
female. Their average age was 21.6 years and an average height of 174.26 +/- 12.14 cm, and
their average weight was 67.14 +/- 11.88 kg. These subjects were able to complete their
preliminary visit as well as one experimental trial, this trial being low-intensity. Statistics for the
participant demographics are listed in Table 1.

State-Trait Anxiety Scores
Table 2 shows the average STAI scores as well as the score standard deviations for both
state and trait anxiety from the participant’s control, pre-exercise, 5 minutes post-exercise, and
20 minutes post-exercise times. There is a decreasing trend present in both state and trait anxiety
from pre-exercise to 5 minutes post-exercise, and from 5 minutes post-exercise to 30 minutes
post-exercise. This decreasing trend was not always consistent and included a large range of how
much the subject’s anxiety score dropped. From pre-exercise to post 30 minutes exercise, there
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was a range of zero to minus 14.0 points for state anxiety and a range of plus two to minus seven
points for trait anxiety. This wide variation shows that, although there is an average decrease in
scores, these results aren’t definitive as multiple subjects increased state or trait scores from one
time variable to another. An example of this being one subject had no change in their state
anxiety scores but had an increase of two points in their trait anxiety between their pre-exercise
STAI and their 5 minute post-exercise. Since there were multiple means, and there were trend
variations, a repeated measures ANOVA was done, which is discussed later in this paper.

Paired samples t-test
Table 3 contains the statistics needed for the paired sample t-tests for state and trait
anxiety, including the average STAI scores and the corresponding standard deviations for control
and pre-exercise.
State anxiety. There was no significant difference from the control state anxiety test to
the pre-exercise state anxiety test (t(6) = 0.712, p > 0.05). The control state anxiety test score
(mean +/- SD) was 33.57 +/- 14.1, and the pre-exercise state anxiety test score was 34.29 +/12.26.
Trait anxiety. There was no significant difference from the control trait anxiety test to
the pre-exercise trait anxiety test (t(6) = 0.09, p > 0.05). The control trait anxiety test score (mean
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+/- SD) was 40.71 +/- 12.39, and the pre-exercise trait anxiety test score was 39.43 +/- 12.69.

Repeated Measures ANOVA for State and Trait Anxiety
Table 4 contains the statistics needed for the state and trait anxiety repeated measures
ANOVA, including the average STAI scores and the corresponding standard deviations for the
control and three inventory times.
State Anxiety. Comparisons of state anxiety STAI scores over time indicated no
significant differences (F(3,18) = 0.114, p > 0.05). Subjects’ state anxiety STAI scores (mean +/SD) at the three time points assessed did not differ significantly (pre-exercise: 34.29 +/- 13.26; 5
minutes post-exercise: 30.43 +/- 9.68; 30 minutes post-exercise: 30.14 +/- 9.65).
Trait Anxiety. Comparisons of trait anxiety STAI scores over time indicated significant
differences (F(3,18) = 0.029, p < 0.05). Bonferroni post hoc analysis revealed that subjects’ state
anxiety STAI scores (mean +/- SD) at 30 minutes post-exercise (37.29 +/- 13.45) were
significantly lower than initial state anxiety STAI scores (39.43 +/- 12.39). Subjects’ state
anxiety STAI scores at 5 minutes post-exercise (37.86 +/- 12.56) were not significantly different
from either pre-exercise state anxiety STAI score or 30 minutes post-exercise state anxiety STAI
scores.
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ANOVA for Rate of Perceived Exertion
Table 5 contains the statistical results for the rate of perceived exertion (RPE) repeated
measures ANOVA, including the average RPE scores and the corresponding standard deviations
for the five time increments.
RPE. Comparisons of RPE values over time indicated significant differences (F(4) =
0.001, p < 0.05). Bonferroni post hoc analysis revealed that subjects’ RPE ( mean +/- SD) after
8-10 minutes of low intensity aerobic activity (9.86+/-2.54 - 9.57+/-2.23) were significantly
higher than initial RPE values at 2 minutes (8.29+/-1.6). Subjects’ RPE at 4 and 6 minutes
(9.29+/-2.21 & 9.71+/-2.69) were not significantly different from either initial RPE or the 10
minutes RPE value.
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Discussion
The purpose of this study was to investigate if there was a correlation between aerobic
exercise and anxiety levels, and although the original aim could not be met, the amount of data
collected does suggest some answers for this investigation. To begin, as shown in Table 2, the
results of the paired sample t-test are not significant. This indicates that there wasn’t a difference
between the anxiety levels from the control test to the pre-exercise test. It also justifies the
control session, as subjects were able to become familiar with the environment and test
administrator, so that anxiety levels did not spike.
In Table 4 the results from the repeated measure ANOVA for state and trait anxiety are
shown, demonstrating that state anxiety did not show a significant difference in STAI scores
over time. There was no main effect or any significant interactions for state anxiety. Table 4 also
shows that trait anxiety was significant in that it did differ over time, this difference being a
decrease in trait anxiety STAI scores. The main effect was significant for trait anxiety, but there
was no significant interaction. A Bonferroni post hoc test was run for trait anxiety in an attempt
to determine if there was a significant time period in which anxiety dropped the most. This
post-hoc test used pairwise comparisons of each time period; pre-exercise and 5 minutes
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post-exercise, 5 minutes post-exercise and 30 minutes post-exercise, and pre-exercise and 30
minutes post-exercise. None of the time comparisons were significant.
Results shown in Table 5 established that rate of perceived exertion (RPE) was
significant over time, meaning that the subjects had different RPEs. The RPEs that were reported
by the subjects at each time interval, when averaged, indicated that the exercise was
low-intensity. The average RPEs for each of the two-minute time increments respectively were
8.29, 9.29, 9.71, 9.86, and 9.57. An RPE of 9-11 is generally considered low-to-moderate
intensity, but because the averages are either below or on the lower side of the range, we can
conclude that the subjects perceived the exercise as low-intensity. While it is not definitive due
to the small sample size, this could indicate that low-intensity aerobic exercise is effective at
reducing trait anxiety but not state anxiety.
The most obvious potential limitation for this study was the small sample size included in
the data analysis. Though there was not a way to avoid this due to the COVID-19 pandemic, this
small size cannot be generalized to a population as fully as a larger sample size would be able to.
Another potential limitation that this study faced was that there was no way to fully ensure that
subjects followed instructions or to ensure that there were no extraneous variables at play. Since
the participants in this study were healthy, college-aged students, it would be difficult to ask
them to monitor their diet, abstain from caffeine, and potentially change their work out
schedules. Although subjects agree to abide by these limitations when signing the informed
consent, there was no way to fully ensure they were followed.
The primary recommendation for both improving this present study and for future studies
is to complete the research without interruption, so as to have additional samples to analyze.
Other than completing the research as the original study was written, I would encourage future
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researchers to add to the study the investigation of trait anxiety. I would suggest this because
this study does show that low intensity aerobic exercise has a significant affect on trait anxiety,
which leads me to believe it would be worth looking into trait anxiety’s relationship with
vigorous intensity exercise.
The overall main finding was that, although based on a small sample, this study did yield
results that indicate that low-intensity aerobic exercise can decrease the subject’s trait anxiety.
This finding cannot fully address the study’s original purpose, as there are no high-intensity
aerobic activity data to compare to. However, it is justified to say that this study does meet part
of the purpose of the investigation as the trait anxiety decrease was shown to be significant,
meaning that this study did suggest a method of decreasing trait anxiety. Due to the inability to
complete testing due to the University’s closure during the COVID-19 pandemic, only
low-intensity trials were able to be analyzed. This leaves the researchers unable to address the
experimental hypothesis as the appropriate data were not available.
The practical applications of this research are that people, with anxiety or with anxious
feelings about their life in general, could participate in a short period of low-intensity aerobic
activity and reap the benefits of a decreased trait anxiety. As anxiety is such a prominent mental
illness in the United States, and the world today, this study adds to the growing body of
knowledge that supports the prescription of exercise. This not only lessens the need for
high-dosage anxiety medications but could also reduce the amount of patients in total who are
medicated to help with their anxious symptoms. This is not only a financial gain for diagnosed
patients but will also help with their mental state, as they can take active steps towards treating
their symptoms.

13

References
1. Facts & Statistics | Anxiety and Depression Association of America, ADAA [Internet].
2018 May. Available from: https://adaa.org/about-adaa/press-room/facts-statistics
2. State vs Trait Anxiety - Difference Between [Internet]. 2017 Dec 12. Available from:
https://theydiffer.com/difference-between-state-and-trait-anxiety/
3. Bartholomew, J.B. & Linder, D.E. State Anxiety Following Resistance Exercise: The
Role of Gender and Exercise Intensity. Journal of Behavioral Medicine (1998) 21: 205.
4. Raglin, J.S. & Wilson, M. State Anxiety Following 20 minutes of Bicycle Ergometer
Exercise at Selected Intensities. International Journal of Sports Medicine (1996) 17(6):
467-471.
5. Cox RH, Thomas TR, Hinton PS, Donahue OM. Effects of Acute 60 and 80% VO2max
Bouts of Aerobic Exercise on State Anxiety of Women of Different Age Groups across
Time. Research Quarterly for Exercise and Sport [Internet]. 2004 Jun 1;75(2):165–75.
6. Tate, A. K., & Petruzzello, S. J. (1995). Varying the Intensity of Acute Exercise:
Implications for Changes in Affect. Journal of Sports Medicine and Physical Fitness,
35(4), 295-302.
7. Speilberger, C. D., State-Trait Anxiety Inventory for Adults. 1983. Consulting
Psychologists Press, Inc.
8. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982;14(5):377–81.
9. American College of Sports Medicine. [Online Book]. ACSM’s Guidelines for Exercise
Testing and Prescription.10th ed. Philadelphia (PA): Wolters Kluwer.

14

Appendices
Appendix I: The PAR-Q

15

16

17

18

Appendix II: Speilberger’s State Trait Anxiety Questionnaire and grading tool

19

20

21
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